This study considers the effect of pH on the specific activity of decamethoxinum substance under experimental conditions. It has been shown that the minimum inhibitory concentration (MIC) Intestinal diseases of the microbial ethiology remain a global problem today because of high prevalence and a severe course, especially at a young age, in immunocompromised persons and patients with chronic pathologic processes in the gastrointestinal system. Development of resistance of infectious agents determines a need in broadening the spectrum of antimicrobial agents [9, 12] . Since biological films cause about 65-80% of all chronic infectious diseases, including the diseases of the gastrointestinal system [13] , the effect of antibacterial agents on the biofilm formation and viability is especially important. In addition, the pH of the biological medium can determine the antimicrobial activity of substances and should be taken into account during the drug development.
Intestinal diseases of the microbial ethiology remain a global problem today because of high prevalence and a severe course, especially at a young age, in immunocompromised persons and patients with chronic pathologic processes in the gastrointestinal system. Development of resistance of infectious agents determines a need in broadening the spectrum of antimicrobial agents [9, 12] . Since biological films cause about 65-80% of all chronic infectious diseases, including the diseases of the gastrointestinal system [13] , the effect of antibacterial agents on the biofilm formation and viability is especially important. In addition, the pH of the biological medium can determine the antimicrobial activity of substances and should be taken into account during the drug development.
To use the known antimicrobial drug decamethoxinum was recognized to be expedient for developing peroral medicinal forms for the treatment of acute intestinal diseases of the microbial ethiology. Being a surface-active cationic detergent, decamethoxinum exhibits the antibacterial, antiviral, antifungal activity of a broad spectrum; it is practically not adsorbed from the gastrointestinal tract, and can break microbial toxins and inhibit inflammation [2, 4, 7] . "Decasan" is 0.02% decamethoxinum solution for peroral use developed by "Yuria Pharm" (Kyiv, Ukraine); it is widely prescribed in infectious diseases in surgery, dentistry, gynaecology, urology, otolaryngology, pulmonology [2, 7] . The pharmacological studies of the drug activity in the intestinal infections, as well as its toxicological properties have recently started and shown the promising results [3, 8] .
The aim of the study is to determine the effect of pH on the specific activity of decamethoxinum substance, including its ability to inhibit the biofilm formation.
materials and methods
The experiments were conducted at the Department of Antimicrobial Agents of the SI "Institute of Pharmacology and Toxicology of the Academy of Medical Sciences of Ukraine". Decamethoxinum substance ("Yuria Pharm," Kyiv, Ukraine) was studied after its dissolution in distilled water. Clinical test strains of bacteria and fungi with different sensitivity to the antibacterial agents were used, namely Escherichia coli 1512, Salmonella paratyphi B 252, pseudomonas aeruginosa 2094, Staphylococcus aureus 042012, as well as Candida albicans 1486. Such growth media as Müller-Hinton agar, meat peptone agar, growth media No.8, Sabouraud medium (fluid and solid) were used depending on the species, in accordance with the current recommendations [6, 11] . Different pH values were used: 8.0 ± 0.1 (basic); 7.15 ± 0.2 (neutral); 6.3 ± 0.4 (weakly acidic), 5.1 ± 0.2 and 4.1 ± 0.3 (acidic).
The minimum inhibitory concentration (MIC) of the substance under study was determined by serial dilution in the liquid nutrient medium according to [1, 5, 6] . MIC was determined as the maximum dilution of the substance, in which there was no growth of microorganisms visually observed within the specified time (concentrations used in this study were within the range of 50.0-0.312 mcg/ml). The density of the bacterial inoculum was 10 5 colony forming units (CFU) per 1.0 ml of medium, for yeasts this value equalled 10 5 fungal elements per 1.0 ml. Bacteria were cultivated for 24-48 hours (depending on the species) under aerobic conditions at 35-37°C. Fungi were cultivated using Sabouraud medium for the same period at 30-35°C. The density of the bacterial inoculum was measured using a KFK-2 photocolorimeter at 590 nm (bacteria) and 540 nm (fungi), it was equalled to 5×10 8 CFU/ml for bacteria and 1×10 6 -5×10 6 for fungi. The sensitivity of microorganisms to the action of decamethoxinum was studied by the agar diffusion assay measuring the diameters of zones of the microorganism growth inhibition [1] . The concentration of decamethoxinum in the solutions was equalled to 100.0; 50.0; 25.0; 10.0 mcg/ml.
The intensity of biofilm formation [10] and accumulation of the microbial biomass in the presence of decamethoxinum at the different pH levels were registered using an "Absorbance Microplate Reader ELx800" microbiological analyser (ВіоТek, USA). The optical density was registered at 405 nm (samples) and 630 nm (reference).
Biofilms of the gram-negative bacteria p. aeruginosa and E. coli (24-h cultures) were studied. Decamethoxinum (in the concentrations equalled 10.0 MIC and 1.0 MIC in accordance with the species) and inocula of microorganisms (10 7 CFU/ml) were added to the growth media simultaneously. In 24 hours of incubation at 37°C the test objects were treated with 0.1% solution of gentian violet, washed with distilled water, the dye was extracted with ethanol.
The process of the microbial biomass accumulation was studied in the liquid nutrient media using 24-h cultures of E. coli 1512, S. paratyphi В 252, S. aureus 042012, p. aeruginosa 2094, C. albicans 1486 (the inoculation dose was equalled to 10 6 colony forming units per 1.0 ml for bacteria and 10 5 fungal elements per 1.0 ml for fungi). After adding decamethoxinum in the concentrations mentioned above the plates were kept in a PST-60HL-4 termoshaker (Biosan, Latvia) at 37°C with mixing (500 rpm) for 48 hours. The optical density was registered in 1, 6, 12, 24, 48 hours as mentioned above. The individual control data for the growth medium sterility, as well as the culture growth were provided for each pH value.
The data were processed using the Microsoft Excel standard software; Student's t-test was applied. The level of significance was taken as p≤0.05. results and discussion
The minimum inhibitory concentrations of decamethoxinum substance at different pH values
The strains of bacteria and fungi tested were characterized by different sensitivity to antimicrobial agents. E. coli 1512 was sensitive to aminoglycosides, fluoroquinolones, cephalosporins (cephtriaxone), carbapenems, co-trimoxazole and chloramphenicol; moderately sensitive to tetracycline; resistant to ampicillin and cephepime. p. aeruginosa 2094 was sensitive to aminoglycosides, fluoroquinolones, carbapenems, monobactams and cotrimoxazole; moderately sensitive to cephalosporins (cephthasidime, cephtriaxone); resistant to cephepime, ampicillin and tetracycline. S. aureus 042012 was sensitive to aminoglycosides, fluoroquinolones, carbapenems, monobactams, lincosamides, cephalosporins (cephthasidime) and chloramphenicol; S. paratyphi В 252 -to all agents used (namely gentamycin, imipinem, tobramycin, ciprofloxacin, cephtriaxone). C. albicans 1486 was sensitive to azoles; moderately sensitive to amphotericin B and terbinafin.
As the data in Tab. 1 indicate, changes in the pH of the media affected the sensitivity of the test strains to decamethoxinum substance. Thus, the inhibitory action against gram-positive bacteria such as S. aureus increased in the basic medium. In relation to the gram-negative bacteria the most significant inhibition of E. coli was observed at pH 8.0±0.1 with reduction of the activity in more acidic medium; S. paratyphi was sensitive to the substance effect in the basic and acidic media, while at the levels of pH close to the neutral one the sensitivity was slightly decreased. p. aeruginosa appeared to be less sensitive to decamethoxinum with the less evident effect in the acidic medium. The activity of the substance studied against yeasts (C. albicans) increased with the increase of the pH values and was equalled to 25.0 mcg/ml at рН 4.1±0.3; 6.25 mcg/ml at рН 5.1±0.2; рН 6.3±0.4; рН 7.15±0.2.
sensitivity of microorganisms to the decamethoxinum action in the agar diffusion assay at different pH values
As seen from Tab. 2, the inhibitory effect of decamethoxinum substance against gram-positive bacteria (S. aureus) increased in the basic medium. The same phe- nomena were registered for E. coli, and the dependence of the effect on the pH was the most apparent after addition of decamethoxinum in the amount of 10 mcg (that might be connected with the specificity of the substance penetration into the cell of the gram-negative bacteria). In relation to p. aeruginosa the most significant effect was observed at pH 8.0±0.1, the decrease of the pH value to 7.15±0.2 was accompanied with reduction of the inhibitory effect, while at pH 5.1±0.2 the zones of the growth inhibition were not registered at all. Somewhat different results were obtained after the experiments with S. paratyphi: the antibacterial activity of decamethoxinum increased with the increase of the pH value, still the sufficient activity was present in the neutral and acidic medium. The antifungal effect of decamethoxinum did not change significantly with the pH and, after addition of decamethoxinum in the amount of 10 mcg the zones of the growth inhibition were within the range of 15.3-17.3 mm.
The effect of decamethoxinum on the process of biofilm formation
E. coli biofilms were not sensitive to the substance action in the concentration of 1.0 MIC, but the increase of concentration up to 10.0 MIC allowed obtaining a significant effect: inhibition of biofilm formation reached 48% at pH 8.0±0.1; 41% at pH 7.15±0.2; 39% at pH 6.3±0.4. Biofilm formation of p. aeruginosa slightly reduced in the presence of decamethoxinum in the concentration of 1.0 MIC (1.7% at pH 8.0±0.1; 5.4% at pH 6.3±0.4; there was no effect at pH 7.15±0.2); at higher concentrations the increase in the activity was also registered with inhibition of 54% at pH 8.0±0.1; 39% at pH 7.15±0.2; 37% at pH 6.3±0.4. Thus, decamethoxinum could inhibit the process of biofilm formation by the gramnegative bacteria.
The effect of decamethoxinum on the biomass accumulation of the microorganisms
Decamethoxinum was able to inhibit the growth and reproduction of the cultivated p. aeruginosa (Fig. 1) . The inhibitory effect was registered in 6 hours of incubation at pH 6.3±0.4; it reached a significant level in 12 hours in all media and subsequently increased. Therefore, in 48 hours the biomass accumulation of p. aeruginosa was blocked at all pH values studied. The effect of the substance studied on E. coli is shown in Fig. 2 . This strain appeared to be sensitive to decamethoxinum with the inhibitory action seen as early as in 1 hour of incubation in the basic medium with the increase in the subsequent hours and the highest activity in 48 hours. Decamethoxinum also inhibited the growth and reproduction of the cultivated S. paratyphi B 252 with the effect being dependent on the pH and the time of incubation (Fig. 3) . The most active inhibition of these bacteria in the bio- Note: "-" -the zone of the growth inhibition was not registered; * -the effect was not studied. mass accumulation in 6 hours was observed at pH 7.15±0.2, in other periods under study -at pH 5.1±0.2 and pH 6.3±0.4 (less but still significant effect was also seen at pH 8.0±0.1). In relation to S. aureus 042012 the inhibitory activity of decamethoxinum was registered in 6 hours at pH 5.1±0.2 and subsequently increased in all media, especially at pH 5.1±0.2 and pH 6.3±0.4 (Fig. 4) . When the bactericidal concentration of 10.0 MIC was used, decamethoxinum exerted a significant antimicrobial effect from the first hours without a dependence on the pH. The antifungal action of the substance studied against C. albicans 1486 began in 6 hours of incubation and reached the values close to inhibition of 50% in 48 hours in all media. In the concentration of 10.0 MIC decamethoxinum completely blocked the biomass accumulation of C. albicans 1486 at all pH values studied. CONCLUSIONS 1. Decamethoxinum substance exhibits significant antimicrobial properties against p. aeruginosa, E. coli, S. aureus, S. paratyphi, and C. albicans with the depen- dence of the inhibitory effect on the microorganism species and pH of the medium. Determination of MIC values shows that the antimicrobial activity of decamethoxinum against bacteria and fungi increases in the basic medium. 2. In the agar diffusion assay decamethoxinum substance demonstrates the antimicrobial action in the concentrations of 100.0; 50.0; 25.0; 10.0 mcg/ml. Diameters of the zones of the microorganism growth inhibition depend on the microorganism species and the pH of the medium: the highest activity against p. aeruginosa, S. aureus, E. coli is observed at рН 8.0±0.1, against C. albicans -at рН 7.15±0.2, against S. paratyphi -at рН 8.0±0.1 and pH 5.1±0.2.
3. Decamethoxinum substance inhibits formation of biofilms by p. aeruginosa and E. coli, this effect also depends on the concentration and pH. The most active inhibition of biofilm formation is achieved in the concentration of 10.0 MIC and pH 8.0±0.1.
4. In the concentration of 1.0 MIC decamethoxinum substance decreases the biomass accumulation of E. coli (in 1 hour at pH 8.0±0.1, in the other periods the activity under research is increased in all of the media studied), S. paratyphi (in 24 and 48 hours of incubation in both basic and acidic media), p. aeruginosa (in 12 and, especially 24 hours, as well as 48 hours of incubation in all of the media studied), S. aureus (in 1 hour at pH 5.1±0.2, in 24 and 48 hours at pH 5.1±0.2, and in 12 hours at pH 6.3±0.4 with a less significant effect). In the bactericidal/fungicidal concentration of 10.0 MIC decamethoxinum inhibits the biomass accumulation of bacteria/fungi from the first hours without a dependence on pH. The sensitivity of C. albicans to the antifungal action of decamethoxinum has not also been determined by pH in the concentration of 1.0 MIC (the significant activity in this case is registered in 48 hours of incubation).
